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Following  sevetal  yeats  oi  inhouse  analytical  elioit, 
a compute A ptogtam  was  evolved  at  Bleed  Cotpotaiion  which 
was  ' apable  oi  analyzing  the  dynamic s oi  a ball  lotoi  iuze. 
Bowed  on  the  tesults  oi  tunning  this  computet  ptogianr,  Btzex' 
became  convinced  that  it  could  design  ball  total  iuzes  iot 
owe  in  all  spinning  munitions  assuting  a ptedictable  aiming 
distance  within  the  tange  dewited  ioi  each  munition.  Aiten 
limited  test  iitings  had  tended  to  vetiiu  the  computet  pie- 
dictions,  an  unsolicited  ptopoSal  wow  submitted  to  Vicatinny 
Atwenal  to  ptovidz  additional  expetimental  data  to  iutthei 
vetiiy  the  computet  ptogtam  and  to  piove  the  ieasibility  oi 
using  the  simple  ball  lotoi  as  a teplacement  iot  mo.  ie  com- 
plicated geat  ttain  escapements  and  unwinding  tibbon  iuzes. 
Ccntiact  VAAA21-73-C-0650  and  iollow-on  Contiact  VAAA21-74- 
C-0481  lesulted  itom  this  unsolicited  ptoposaf l.  These  con- 
nects undet  the  technical  guidance  oi  Vicatinny  Atienal 
used  iluid  imetsed  ball  lotoi  S S A devices  and  substan- 
tiate the  success  oi  the  computet  modeling  oi  ball  lotoi 
ineitial  delays.  These  contracts  indicated  that  ball,  lotoi 
S & A devices  could  be  used  to  ptovide  amino  delays  iot 
all  spinning  ptojectiles . Jn  palticulat,  pteJUminaty  test 
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xtsults  on  20HU,  ‘rOUM  and  57MM  ptojeetil's  indicated  f u - 
ibitity  vf  achieving  the  desiied  anming  distance  chauictex- 
istics  ion  these  Hounds. 

Thu  it  the  final  nepoit  on  a thiJid  contract,  the  objtct- 
ivi  of  which  wat  to  produce  and  test  a significant  quantity  of 
bait  Hotel  S 6 a devices  foi  use  with  the  law.  velocity  40MM 
plojectile  os  a towel  cost  leplacement  foi  Fuze  FP  M55 0. 

The  bail  Hotel  is  one  of  the  simplest  of  all  known  aiming 
delay  mechanisms.  It  it  also  one  of  the  oldest  fuzing  mechan- 
isms having  been  invented  supposedly  in  the  late  nineteenth 
centuiy.  ThioughoiU  the  yeais,  it  hat  been  used  to  piovide 
aiming  delays  fan  many  spinning  munitions  fiom  20MM  up  to  the 
longest  aitilleiy  shells.  Its  peifo/jnance  has  generally  been 
discouiagivig,  howevei,  both  in  teams  of  the  minimum  aiming 
distance  and  the  dispeision  of  aiming  distances.  Ball  Hotel 
fuzes  nave  tiaditionally  aimed  too  close  to  the  g in  to  pio- 
vide foi  a safe  sepaiation  distance  and  otheis  have  aimed 
at  such  a gieat  distance  as  to  increase  the  incidents  of 
.iuds.  As  a lesult,  the  ball  lotei  has  geneially  been  le- 
placed  by  mote  expensive  fuzing  mechanisms.  Piactically 
the  only  high  volume  fuze  which  still  uses  the  ball  totoi 
mechanism  is  the  20MM  M505A3.  Even  in  this  application  it 
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dou  not  pnovlde  the.  minimum  evening  distance  dulled. 

kite) t itveial  yexuu  oi  inhouie  eiioit  at  the  Bleed  Conp- 
oiatlon,  a mathematical  model  oi  tin  ball  lotoi  iuze  um  con- 
itlucted  at  Bleed  which  ioi  the  iiMt  time  wom  able  to  explain 
how  the  ball  lotoi  wolked  and  what  wa&  leguhed  to  tmpiove 
jJj>  peiioimance. 


THE  COMPUTER  PROGRAM 


A discuzzion  0(5  the  original  3 degree  oh  hh.ee.dom  ball 
hotoh  analysis  appeahs  in  the  h^nal  hepoht  oh  Contract  VAAA21- 
73-C-0650.  This  phoghrn  hoi  since  been  extended  to  include 
thanslatiOn , oh  the  bait  in  addition  to  hotation.  Both  pho- 
ghcm  have  been  utilized  extensively  in  analyzing  the  Icm 
velocity  4QMM  bait  hotoh  haze  duhing  this  conthact. 

Pehhap*  a hevieuo  oh  the  signihicant  hezult*  oh  the  bait 
hotoh  analysis  is  in  ohdeh.  A htch  • evehal  yeaM  oh  extensive 
analysis  coupled  with  live  test  hitting* , a cle:ih  understanding 
oh  ball  hotoh  characteristics  now  exist*.  Very  bhiehly,  the 
distance  hequihed  hoh  the  bait,  hotoh  tc  ahm  is  a hunction  ch 
the  h*iction  hohcez  between  tie  ball  hotoh  and  it*  housing. 

I h thehe  wehe  no  h^iclcon  hohces,  the  ball  hotoh  would  neveh 
align.  Th  th.e  ball  contact*  the  homing  at  a point  thhough 
which  a than* v eM e moment  oh  inehtiA  passes,  the  ball  hotoh 
will  align  within  a hw  h °i  the  muzzle  oh  the  gun.  Con- 
vehzely,  ih  the  contact  point  is  ho  toted  90  deghee*  about  the 
pHojectUl.e  axiz,  once  again  the  ball  hotoh  will  neveh  align. 
All  otheh  cases  lie  zomewhehe  between  these  extheme  point*. 
Typically,  a ball  hotoh  will  move  abound  the  housing  contact- 
ing it  at  many  point*  which  give  hize  to  h*iction  tohques 
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which  -in  a complex  fashion  permit  gradual  alignment  of  the 
detonator  axis  with  the  spin  axis.  The  friction  forces  be- 
tween the  ball  and  the  housing  and  in  particular,  the  loons 
of  the  contact  points  between  the  ball  and  the  housing  dur- 
ing the  aiming  cycle  control  the  awing  distance.  In  add- 
ition, the  relationship  between  the  polaJi  and  transverse 
moments  of  inertia  of  the  ball  rotor  is  critical.  If  these 
moments  of  inertia  are  close  together,  friction  forces  be- 
tween the  ball  and  housing  can  easily  create  rolling  contact 
between  the  ball  and  the  housing.  On  the  other  hand,  if  the 
polar  and  transverse  moments  are  far  apart . the  ball  wilt  slide 
on  the  housing  and  its  motion  will  be  more  cependent  on  the 
angular  momentum  of  the  ball  rotor,  for.  a given  friction  tor- 
que, therefore,  the  ball  rotor  with  a larger  difference  be- 
tween these  moments  of  inerti i will  have  its  behavior  less 
dominated  by  friction  forces  and  thus  will  result  in  a more 
consistent  arming  distance. 

The  locus  of  the  contact  points  has  an  obvious  effect 
on  the  alignment:  of  the  ball  rotor . In  the  extreme  cases 
mentioned  above,  the  arming  distance  went  from  practically 
zero  to  infinity  by  a simple  movement  of  90  degrees  of  the 
contact  pivot  point.  This  is  perhaps  the  most  significant 
result  which  has  escaped  researchers  to  date.  This  location 
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of  the  contact  point  it  primarily  determined  by  the  eccentricity 
in  the  flight  oi  the  projectile.  Since  the  eccentricity  generally 
gets  larger,  with  larger  projectile s,  this  it  why  the  ball  rotor 
bet  not  functioned  well  in  projectile s tnud i larger  than  20MM. 

The  20MW  results,  however,  have  been  much  better.  To  ite  a 
ball  rotor  in  larger  projectiles , therefore,  the  effect  of 
shell  eccentricity  must  be  significantly  reduced.  The  f-irst 
step  of  course  would  be  to  reduce  to  a minimum  the  friction 
coefficient  between  the  ball  and  housing  since  all  of  the 
fraction  torques  on  the  ball  contain  the  coefficient  of  fric- 
tion as  a factor.  The  second  step  would  be  to  use  fluid  buoy- 
ant forces  to  reduce  the  effective  mass  the  ball  rotor  since 
this  also  is  a factor  in  all  of  the  friction  torques.  A third 
approach  is  to  utilize  some  method  of  eliminating  withen  the 
fuze  some  or  all  of  the  shell  eccentricity.  Thus  a mechanism 
is  required  which  will  move  the  ball  rotor  and  . its  housing 
relative  to  the  fuze  toward  the  projectile  spin  axis.  This, 
it  is  believ'd,  can  be  effectively  done  through  the  use  of  a 
dense  fluid,  a plastic  ting,  and  a ball  rotor.  Vuring  spin 
of  the  projectile,  buoyant  forces  in  the  dense  fluid  will 
move  the  plastic  ring  which  acts  as  the  housing  for  a ball 
rotor,  toward  the  spin  axis  of  the  projectile.  It  was  the 
investigation  of  this  concept  which  was  a key  element  to  be 
undertaken  in  this  contractual  effort  and  which  is  reported 
on  in  this  final  report. 
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TEST  RESULTS  - ARMING  DISTANCE 


The  tut  tuults  telating  to  arming  distance  m dis- 
cussed kite,  chrvonotogicaUy.  The  actual  tut  kuults  can 
be  hound  in  Appendix  1.  The  hiMt  tut  hiking  consisted  oh 
too  tounds,  one  pitied  at  200 ' and  one  at  300 Both  wete 
da  which  led  to  the  suspicion  that  the  upward,  motion  dat- 
ing setback  ?h  &&  plastic  centering  ting  was  being  tuisted 
by  the  h* did . Two  inert  haze : wete  hiked  as  tut  *2,  one 
was  lost,  the  second  tecovered  and  hound  to  have  functioned. 
Eight  and  ten  huzu  containing  the  modihied  centeting  ting 
wene  hiked  as  tuts  * 3 and  *4  to  give  an  indication  oh  the 
arming  distance.  A statistical  analysis  oh  thue  tut 
indicated  a minimum  atming  distance  oh  a little  below  45  heet. 
This  was  consistent  with  the  computet  analysis  to  date. 

\ 

Twelve  tounds  wete  fined  hot  tut  #5.  Two  wete  hiked 
at  °.0\  both  oh  which  went  high  otdet » the  tern  Lining  ten  wete 
htked  at  4 5'  with  only  one  hunctioning.  S-utce  this  agteed 
.aith  the  ptevious  test  kuults,  an  effort  was  undettcdzen  to 
increase  the  minimum  arming  distance  above  45'.  The  fitst 
approach  involved  an  attempt  to  change  the  tatio  of  the  ttans- 
vertse  to  the  polat  moment  of  inektia.  The  analysis  indicated 
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that  if  a plastic  sleeve  could  be  placed  astound  the  detonator 
for  the  lull  length  of  the  ball  rotor,  a significant  improve- 
ment in  the  moment  of  inertia  ratio  mold  be  achieved.  In 
practice,  however,  due  to  the  pretence  of  the  lock  King  groovu, 

* much  smaller  plai tic  Aleev e w as  all  that  could  be  used.  The 
ruults  of  tut  # 6 of  ten  rounds  contained  this  modification 
and  showed  no  significant  Improvement  from  the  previous  tut 
re&ultA.  A Aecond  attempt  to  increase  the  mean  arming  dis- 
tance rebutted  from  an  extensive  computer  analysis  to  determine 
the  effect  of  ball  Aize  on  the  arming  distance.  The  ruults 
of  this  analysis  are  Awmarized  in  figure  1.  From  there  ruults, 
one  would  expect  an  approximate  201  increase  in  the  arming 
distance  if  the  ball  rotor  diameter  were  increased  from  S/S" 
to  7/1 6".  Ten  units  were  conitructed  and  fired  cs  tut  *7 , 
which  indicated  that  the  20 8 arming  distance  increase  had  in 
fact  been  achieved. 

In  on  attempt  to  determine  the  minimum  arming  distance, 
twenty  fuzu  were  initially  asAembled  for  tut  *1.  Three  were 
fired  at  9 O',  all  of  which  were  duds.  The  tut  war  discontinued 
and  rixteen  units  were  centrifuged  tuted  at  Zreed  Corporation, 
oil  of  which  armed.  Since  these  tut  ruults  were  inconsistent 
with  all  previous  ruults,  all  of  the  parts  were  reworked  to 
unprove  surface  finishu  and  other  minor  characteristics.  They 
were  reassembled  and  two  rounds  were  fired  at  90'  as  tut  #9, 
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both  of  which  wiki  again  duds.  These  were  retrieved,  x-rayed 
and  disassembled  at  Plcatlnny  Arsenal  wheat  It  was  determined 
that  everything  had  functioned  properly,  however,  In  one  case 
the  ball  rotor  was  1 0 degrees  out  of  alignment  and  In  the  other 
case  10  degrees.  In  spite  of  these  results,  there  was  some 
concern  that  perhaps  the  target  material  was  not  thick  enough 
to  Initiate  ire  round,  therefore,  two  additional  rounds  were 
fired  through  a double  thickness  target  at  10' , both  of  which 
were  duds.  The  rounds  were  retrieved  and  disassembled  wherein 
It  was  learned  that  the  ball  tutors  were  30  and  40  degrees  out 
of  alignment,  respectively. 

The  next  suspicion  lay  In  the  design  of  the  lock  ring 
grooves.  Six  rounds  were  constructed  for  test  #11,  three  having 
the  standard  lock  ring  grooves  and  three  having  substantially 
smaller  grooves.  It  was  felt  that  perhaps  the  grooves  were  up- 
settlng  the  moment  of  inertia  ratio  and  effecting  the  dynamics 
of  the  ball.  The  ball  rotor  computer  program  at  that  time  could 
only  take  Into  account  one  of  the  lock  ring  grooves.  The  six 
rounds  we>ti  fired  at  90*  as  test  #11  with  identical  results. 

Two  went  and  one  was  a dud  in  each.  The  grooves  for  both  groups 
had  been  carefully  made  to  assure  'Lhat  they  were  symmetricxl. 

An  examination  of  earlier  ball  rotors  indicated  that  the  upper 
groove  had  been  at  one  end  of  the  tolerance  range,  whereas  the 
lower  groove  had  been  at  the  other,  thus  giving  an  imbalance  to 
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the  ball  ao  to  a.  The.  DnpAoved  Aesutts  tended  to  lend  credence 
to  the  gAoove  hypothesl s.  The  two  that  m duck  wcaz  30  and 
40  degAtes  out  o£  alignment,  Aespectively. 

Th> lee  Aounds  mm  assembled  fa  A test  *12  to  see  ll  penhaps 
the  laAgeA  ball  had  meA eJby  moved  the  maximum  amlng  distance 
out  to  a QAeateA  distance.  Two  weAe  fated  at  1 25  fact,  one 
um  a dud  and  the  second  went  high  ondeA. 

The  examination  orf  the  dud  L\  test  *12  suggested  that 
penhaps  the  lock  Alng  would  not  AeleaAe  the  ball  li  the  pAo- 
jectlle  weAe  highly  eccentAlc.  The  Alng  was  thus  modified 
on  thn.ee  Aoundt>  and  on  thn.ee  o&  the  Aounds  a filat  was  milled 
on  the  top  o{  the  ball  to  place  the  centeA  o&  gAavlty  o&  the 
ball  below  the  geometnlc  centeA.  All  a lx  weAe  fated  at  9 O' 
with  one  dud  which  was  the  Aound  that  did  not  have  the  f,lat 
on  the  ball.  A faet  the&e  encow:rjlng  AeAultA,  eleven  units 
weAe  assembled  ^ oa  test  *14.  The  test  was  discontinued  afaet 
the  fatst  dud  at  90  ’ . Toua  duds  In  total  occuAAed  which  weAe 
disassembled.  Toa  the  fatst  time  It  was  faund  that  thAee  of> 
the  faun  ball  aoIoas  weAe  In  fact  lining  up  backwands . 

Although  the  caus : faA  the  ba ckwand  alignment  was  not 
dlscoveAed  until  neon,  the  end  o&  the  pAogAam,  It  might  have 
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been  evident  at  this  point.  The  first  time  backward  align- 
ment had  been  w/tn^  ss ed  was  after  the  spin  weight  had  been 
modified  to  permit  on  earlier  release  of  the  ball  rotor,  thus, 
although  this  was  not  verified  until  latex , by  releasing 
the  ball  xotox  eaxly  and  then  mo  vine  the  centering  mass  to 
the  spin  axis,  the  ball  undex  the  influence  of  set  back  forces, 
would  tend  to  xoll  along  the  bottom  of  the  homing.  All  that 
is  xequixed  is  appxoximately  .027  inches  of  motion  in  the  xight 
dixection  to  xoll  the  ball  sufficiently  to  place  the  detonatox 
axis  at  90  degxees  with  xespect  to  the  pxojectlle  axis. 

The  xesults  of  test  #J4  made  It  imperative  to  xetuxn  to 
-the  computer  analysis  and  a modified  program  to  contain  the 
effect  of  the  second  lock  ring  groove.  This  analysis  indic- 
ated the  surprising  result  that  the  ratio  o(J  the  moments  of 
Inertia  of  the  ball  rotor  was  not  good.  Through  an  oversight, 
the  ball  rotor  detonator  diameter  had  not  been  changed  when 
the  ball  rotor  was  Increased.  The  analysis  of  the  effect  of 
ball  rotor  diameter  on  axming  distance  was  based  on  the 
assumption  that  the  detonator  would  Increase  proportionally 
to  the  ball  rotor  diameter.  All  future  ball  rotors.  ti\ere- 
fore,  wore  consViucted  placing  an  aluminum  sleeve  arjand  the 
detonators,  thus  effectively  increasing  the  size  of  the 
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detonator.  The  compute*  analysis  indicated  an  arming  cis- 
tance  range  for  reasonable  value*  o{  eccentricitx  of  from 
60  to  SB  feet. 

Ten  unit*  were  constructed  using  the  modified  bail  Avtors 
for  test  if] 5,  however,  the  second  one  fined  teas  a dud  at  90' 
and  the  test  ms  discontinued,  disassembly  of  this  unit  again 
indicated  that  the  ball  rotor  had  lined  up  backhands . 

Eight  fuzes  m re  assembled  fo> i test  if] 6,  uuth  the  initial 
angle  placed  at  TO  degrees  as  opposed  to  SO  degrees.  Although 
this  was  not  realized  at  the  time,  this  would  require  a motion 
of  .06 5"  to  move  the  detonate*  axis  to  the  90  deg*ee  point. 
Since  ike  maximum  motion  of  the  centering  King  was  .0S0",  it 
is  unlikely  that  this  could  occu*.  The  test  Aesults  of  test 
if] 6 indicated  all  eight  units  functioned,  howeve*,  one  of  the 
units  went  at  4 5'  which  had  been  considered  too  close  to  the 
gun. 


At  this  time,  the  Aolling  ball  theo*y  was  hypothesized 
and  the  body  was  modified  to  hold  the  centering  King  on  center 
prso"  to  firing.  Thus,  the  maximum  motion  of  the  centering 
ring  would  be  reduced  f*om  .OS"  to  .04".  Five  units  went  high 
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ohdeh  at  90  fett  as  tut  *11.  Ti^elve  additional  unite  went 
assembled  ioK  test  *18,  nine  o{{  which  wehe  no  go  at  45  beet 
and  ihnee  oh  which  went  high  ohdeh  at  90  heet.  kJUL  oh  the 
no  go  nounds  went  hetuhned  and  disassembled  and  alt  went 
hound  to  be  between  5 and  30  deghees  hh° m alignment.  None 
went  aligning  backwards . 

Twenty-one  unite  wene  then  assembled  hoh  test  *19  to 
determine  an  ahming  distribution.  These  hesuJtte  indicated 
an  ahming  distance  hange  oh  b'Aom  50  to  90 

Although  test  *20  and  *21  wehe  phimahily  ghaze  teste, 
one  out  oh  six  in  each  test  was  a dud  and  whin  dis assent  ed 
was  hound  with  the  ball  hotoh  lined  up  backwc/uis . Once  gain, 
the  |{uze  was  extensively  analyzed  using  the  computes,  phogham 
which  indicated  that  tee  conditions  wehe  not  huvohable  h°> 1 
the  ball  to  line  up  backwoods  due  to  hh'-ction  h0fic-es  0,1  ball 
dynamics.  The  only  logical  answer.,  teehehohe,  was  the  hotting 
ball  hypothesis  discussed  eahlieh.  In  test  *23,  a hint  was 
placed  on  tee  bottom  oh  the  ball,  in  an  attempt  to  phevent  it 
{horn  hotting  on  the  housing.  Nevertheless , one  out  oh  eleven 
hounds  did  not  hunction  and  when  disassembled  was  hound  with 
the  hotoh  backwahds. 

Once  again,  the  detent  spin  weights  wehe  hutthet  modified 
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to  pxevent  any  intexfoxenee  with  the.  bolt  Koto*.  Ten  inext 
fuzu  went  assembled  and  fox ed  (ox  xecovexy.  Six  unit*  went 
found  to  have  lined,  up  coax eotly  and  foux  wexe  backwaxds  in 
tut  #24.  In  tut  #25,  a xing  was  insexted  axound  the  ten 
texing  King  to  pxevent  the  centexing  xing  foom  moving.  Ten 
uncts  wexe  iixed,  xecovexed  and  disassembled,  all  o$  which 
lined  up  pxopexty,  thus  conclusively  Moving  the  xolling  ball 
hypothesis . 

finally,  ten  units  wexe  xeassembled  fox  live  fixing 
with  the  same  centexing  xing  confoguxation  as  tut  #26.  't wo 
o&  the  units  axned  at  45  foet  indicating  that  the  centexing 
Jiing  is  necusaxy  in  oxdex  to  extend  the  axming  distance. 
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TEST  RESULTS  - GRAZE 


Gbaze  test  besults  consisted  oj  several  jibing*  with 
modijicatixn  to  the  ogive.,  jibing  pin,  bait  botob,  explosive 
tbain  and  homing  to  increase  the  sensitivity  oj  the  bound 
to  gbaze  impact A. 

Along  with  teAt  *3,  one  bound  wa A jibed  job  gbaze  wick 
a Atandabd  ogive  to  Aee  ij  it  would  crush.  It  wa*  jibed  inebt 
at  200  jeet,  becovebed  and  wa*  jound  not  to  have  crushed,  thebe- 
jobe  a mobe  AenAitive  ogive  wa*  designed . Thbee  bound*  webe 
jibed  containing  the  new  ogive  a*  pant  otf  test  *1.  All  thbee 
again  would  not  have  junctioned , It  was  dijjicult  to  analyze 
the  beAult*  oj  inebt  gbaze  bound*  due  to  *ub*equent  impact*. 

Since  Piaatinny  Ab&enal  pebAonnet  at  jin*t  declined  to  jibe 
live  gbaze  bound*,  an  aib  gun  wa*  designed  and  constructed 
at  the  Sbeed  Cobpobation  to  siiriulate  gbaze  jibing.  Initial 
test*  jbom  the  aib  gun,  howeveb,  besotted  in  the  aib  gun  piston 
being  destroyed  with  each  jibing  since  the  piston  must  be 
stopped  at  the  aib  gun  muzzle,  othenwise  it  would  hit  the  slanted 
gbaze  tabget  bejobe  the  ogive.  At. this  time,  .Picatinny  indicated 
that  perhaps  live  jinings  could  be  undertaken  pboviding  a hard 
tabget  was  placed  behind  the  gbaze  target.  Tubtheb  work  on  the 
aib  gun  wa*  thebe  jobe  suspended. 


H 


Sevencl  static  tali  wene  conducted  with  and  without 
iluid  at  the  Bn ted  Coronation  to  simulate  the  gap  that  would 
be  patient  in  a gnaze  nound.  It  had  been  decided  that  tr  in- 
cneaie  the  sensitivity  impacting  the  failing  pin  on  gnaze  im- 
pact*, the  ball  noton  should  be  penmitted  to  move  f onwand .- 
Thil,  of  counse,  would  incneaie  the  gap  which  the  detonaton 
must  jump  to  neach  the  boolten..  Ml  of  the  limulated  italic 
teit  finings  at  the  Meed  Conponation  wene  successful.  One 
nound  wai  aiiembted  with  a maximum  gap  and  fained  into  a tanget 
at  90  f eet . Thil  unit  functioned  low  onden.  Thil  wai  pnobably 
due  to  the  displacement  of  the  detonaton  fnom  the  project  lie. 
axil  due  to  the  action  of  the  centering  ning.  The  fact  that  the 
nound  went  low  onden  wai  not  comidened  puAticulanly  hanmful 
lince  the  detonatons  uied  wene  considerably  imatlen  than  the 
onei  which  would  be  uied  in  the  pnoduction  design. 

Six  units  wene  aiiembled  to  c neate  the  maximum  gap  between 
the  ball  noton  and  the  thin  lection  of  the  body  above  the  ex- 
ploiive  lead.  Bench  tests  toith  thil  configunation  had  been 
successful.  These  six  hounds  wene  fined  into  a plywood  tanget 
at  J 20  feet  to  check  pnopagation  as  test  #20.  Two  nounds  went 
low  onden  and  one  did  not  go,  which  as  neponted  eanlien  was  due 
to  backward  ball  alignment.  In  test  #2 1 , pnovision  was  made  to 
penmit  the  ball  to  move  forward  on  gnaze,  impinging  the  detonaton 
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on  the  lining  pin.  Ttn.ee  rounds  went  high.  order  wfien  lined 
Ion  graze.  Two  did  not  go  on  glaze,  hut  lunctioned  on  the 
cage  behind  the  graze  area,  and  one.  an  previously  mentioned , 
li.ed  up  hadaoards. 


In  tent  *11,  modilicationn  to  the  laze  included  the  re— 
me  vat  o{  one  cubic  centimeter  ol  Ituid  and  the  use.  a more 
sensitive  lining  pin  denign.  The  linnt  unit  missed  target 
and  went  high  order  on  the  cage,  the  necond  hit  a barret  55 1 
in  Iront  ol  the  gun  and  did  not  lunation.  Three  out  ol  the 
remaining  lour  lunctioned  property  with  the  dud  being  due  to 
backward  bail  rotor  alignment.  Thun,  alt  ol  the  luzen  which 
hit  the  target  property  lunctioned  hi  jh  order  with  the  ex- 
ception ol  one  where  the  bait  reverse  armed. 


IS 
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CONCLUSIONS  AND  RECOMMENDATIONS 


This  contract  explored  a new  concept  Jin  bolt  rotor  {uzing, 
the  use  o{  a centering  syste m to  suUtantially  Jvedu.ee.  the  e{{ec ts 
o{  shell  eccentricity . It  has  been  found  that  shell  eccentricity 
it  the  *oit  significant  {acton  coating  erratic  bail  noton  behavion. 
Although  the  concept  o{  the  centering  system  it  simple,  reverse 
coming  pnoblemt  wene  encountered  which  were  not  expected.  The 
c ante  o{  the  revert e arming  problem  eluded  company  and  govern- 
ment engineers  until  near  the  end  o{  the  contract.  Now  that 
its  cause  it  thoroughly  understood  to  be  due  to  the  rolling  o{ 
the  ball  on  the  housing  at  the  centering  ring  moves  toward  the 
spin  axis,  the  solution  to  the  t vlem  is  near  at  hand. 

Several  approaches  exist  for  eliminating  this  reverse 
arming  problem.  The  {irst  approach  would  be  to  place  a shoulder 
on  the  top  o{  the  housing  so  that  during  setback  the  centering 
ring  would  be  prevented  {rom  moving  toward  the  spin  center  until 
a{ter  setback  has  ceased.  Once  setback  has  ceased,  there  will 
no  longer  be  a force  between  the  ball  and  the  bottom  o{  the 
housing,  thus  it  should  move  onto  the  spin  axis  without  rolling. 
Although  this  is  the  most  promising  approach,  several  other 
designs  exist  for  eliminating  this  problem. 
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ktthougk  the  gr aze  tests  results  are  Limited  in  number 
due  to  His.  concentration  ot  ettort  on  the  mme  Mining  problem, 
the  faunal  test  results  c\e  encouraging.  It  it  conceivable, 
but  not  expected,  that  propagation  problems  might  appear  ween 
faring  graze  tests  at  high  and  low  temperatures.  This  is  an 
area  which,  should  be  explored.  Detonators  used  in  the  program 
so  fair  are  considerably  smaller  than  those  which  should  be  used 
in  the  production  design  to  overcome  low  order  detonators. 

It  is  strongly  recommended  that  additional  contractual 
effort  be  undertaken  as  a minimum  to  permit  a tew  more  fairings 
to  contirm  the  analysis  discussed  herein  and  a test  tiring  ot 
three  hundred  L30QI  rounds  tor  statistically  signifaiant  tuts. 


APPENDIX  i 


Round  # 


Distance 


Go/No  Go 


1 

200  feet 

No  Go 

2 

300  feet 

No  Go 

TEST  #1 


21 


Round  I 


1 

2 


MODIFIED  CENTERING  RING 


NO  DETENT  WEIGHTS 


distance 


Go/No  Go 


30C  feet  Go 

300  feet  Lost 


TEST  #2 
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MODIFIED  RING 


Round  it  Distance 


Go /No  Go 


1 

300 

feet 

GO 

2 

300 

feet 

GO 

3 

50 

feet 

No 

4 

75 

feet 

GO 

5 

65 

feet 

No 

6 

75 

feet 

Go 

7 

65 

feet 

GO 

8 

55 

feet 

No 

TEST  it 3 
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MODIFIED  RING 


Round  it Distance Go/No  Go 


1 

60  feet 

Go 

2 

55  feet 

No  Go 

3 

60  feet 

No  Go 

4 

65  feet 

Go 

5 

60  feet 

Go 

6 

55  feet 

No  Go 

7 

60  feet 

No  Go 

8 

65  feet 

Go 

9 

60  feet 

Go 

10 

55  feet 

Go 

TEST  M 
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Round  # 


Distance 


Go/No  Go 


1 

90  feet 

Go 

2 

90  feet 

Go 

3 

45  feet 

No  Go 

4 

45  feet 

No  Go 

5 

45  feet 

No  Go 

6 

45  feet 

No  Go 

7 

45  feet 

Go 

8 

45  feet 

No  Go 

9 

45  feet 

No  Go 

10 

45  feet 

No  Go 

11 

45  feet 

No  Go 

12 

45  feet 

No  Go 

TEST  if 5 
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NEW  PLA3TIC  SLEEVE  AROUND  DETONATOR 


Round  # Distance 


Go/No  Go 


1 

60  feet 

Go 

2 

65  feet 

Go 

3 

55  feet 

No  Go 

4 

60  feet 

Go 

5 

55  feet 

Go 

6 

50  feet 

No  Go 

7 

55  feet 

No  Go 

8 

60  feet 

Go 

9 

55  feet 

Nc  Go 

10 

60  feet 

No  Go 

TEST  116 


lb 


INWARD  BALL  DIAMETER 


Round  # Distance 


Go/No  Go 


1 

65  feet 

Go 

2 

60  feet 

No  Go 

3 

65  feet 

No  Go 

4 

70  feet 

Go 

5 

65  feet 

Go 

6 

60  feet 

No  Go 

7 

65  feet 

No  Go 

8 

70  feet 

Go 

9 

65  feet 

No  Go 

10 

70  feet 

Go 

TEST  in 
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Round  # 


Distance 


Go/No  Go 


1 

90  feet 

No  Go 

2 

90  feet 

No  Go 

3 

90  feet 

No  Go 

TEST  #8A 


1% 


CENTRIFUGE  TEST 


Round  # Splnup  Rate  R.P.M.  Go/No  Go 


I 

slow 

3600+ 

Go 

2 

slow 

3600+ 

Go 

3 

slow 

3200 

Go 

4 

slow 

3600+ 

Go 

5 

8 low 

24- 3000 

Go 

6 

8.10W 

2600 

Go 

7 

slow 

2200 

Go 

8 

slow 

26-3600+ 

Go 

9 

slow 

2200 

Go 

10 

slow 

2800 

Go 

11 

8loW 

2800 

Go 

12 

8 low 

2700 

Gu 

13 

fS8t 

2200 

Go 

14 

fast 

2400 

Go 

15 

fast 

3000 

Go 

16 

fast 

2200 

Go 

TEST  #8B 
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PARTS  REWORKED 


. Round  # 


1 

2 


Distance  Go/Mo  Go 


90  feet  No  Go 

90  feet  No  Go 


TEST  #9 
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CENTRIFUGE  TEST 


Round  # Spinup  Rate  R.F.M.  Go/No  Go 


1 

slow 

3600+ 

Go 

2 

slow 

3600+ 

Go 

3 

slow 

3200 

Go 

'♦ 

slow 

3600+ 

Go 

5 

slow 

24-3000 

Go 

6 

slow 

2600 

Go 

7 

slow 

2200 

Go 

8 

slow 

26-3600+ 

Go 

9 

slow 

2200 

Go 

10 

slow 

2800 

Go 

11 

slow 

2800 

Go 

12 

slow 

2700 

Go 

13 

fast 

2200 

Go 

14 

fast 

2400 

Go 

15 

fast 

3000 

Go 

16 

fast 

2200 

Go 

TEST  // 8B 
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THICKER  TARGET 


Round  # 


1 

2 


Distance  Go/No  Go 


70  feet  No  Go 

70  feet  No  Go 


TEST  *10 
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Round  # 

Type 

Distance 

Go/Ho 

1 

1 

90  feet 

Go 

2 

1 

90  feet 

No  Go 

3 

1 

90  feet 

Go 

4 

2 

90  feet 

Go 

5 

2 

90  feet 

Go 

6 

2 

90  feet 

No  Go 

Type  #1: 

Standard  Lock  Ring  Grooves 

Type  #2: 

Smaller 

Lock  Ring  Grooves 

TEST  #11 


32 


Round  # 


Distance 


Go/No  Go 


1 125  feet  No  Go 

2 125  feet  Go 


TEST  #12 
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MODIFIED  LOCK  RING 


Round  # 

Type 

Distance 

Go/No 

1 

1 

90  feet 

Go 

2 

1 

90  feet 

No  Go 

3 

1 

90  feet 

Go 

4 

2 

90  feet 

Go 

5 

2 

90  feet 

Go 

6 

2 

90  feet 

Go 

Type  #1:  Modified  Lock  Ring 

Type  #2:  Modified  Lock  Ring  and  flat  on  top  of  ball 

TEST  #13 
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MODIFIED  LOCK  RING  AND  FLAT  ON  TOP  OF  BALL 


Round  # 

Distance 

Go/No  Go 

1 

90  feet 

Go 

2 

90  feet 

Go 

3 

45  feet 

No  Go 

4 

45  feet 

No  Go 

5 

70  feet 

No  Co 

6 

90  feet 

Go 

7 

90  feet 

No  Go 

TEST  #14 


?5 


ALUMINUM  DETONATOR  SLEEVE  ADDED 


Round  # 


1 

2 


Distance  Go/No  Go 


90 

feet 

Go 

90 

feec 

No  Go 

TEST  #15 


3 6 


37 


Go/No  Go 


Comment 


Go 

Low  order 

Go 

Low  order 

Go 

High  order 

Go 

High  order 

Go 

High  Order 

Go 

High  order 

Go 

Low  order 

Go 

High  order 

CENTERING  RING  CENTERED  BEFORE  FIRING 


Round  # Distance  Go/No  Go 


1 

90  feet 

Go 

2 

90  feet 

Go 

3 

90  feet 

Go 

4 

90  feet 

Go 

5 

90  feet 

Go 

TEST  017 


I 


38 


Round  # 


Distance 


Go/No  Go 


45  feet 

No  Go 

l 

45  feet 

No  Go 

3 

45  feet 

NoGo 

4 

45  feet 

No  Go 

5 

45  feet 

No  Go 

6 

45  feet 

No  Go 

7 

45  feet 

No  Go 

8 

45  feet 

No  Go 

9 

45  feet 

No  Go 

10 

90  feet 

Go 

11 

90  feet 

Go 

12 

90  feet 

Go 

TEST  #18 
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Distance 


Go/Mo  Go 


Round  # 


1 

50  feet 

No  Go 

2 

50  feet 

No  Go 

3 

58*  9" 

No  Go 

4 

58' 9" 

Go 

5 

51’10" 

No  Go 

6 

51'  10" 

No  Go 

7 

55*4” 

Go 

8 

55' 4" 

No  Go 

9 

53'7" 

Go 

10 

53' 7" 

No  Go 

11 

52  * 9" 

No  Go 

12 

80  feet 

No  Go 

13 

80  feet 

No  Go 

14 

120  feet 

Go 

15 

120  feet 

Go 

16 

120  feet 

Go 

17 

100  feet 

Go 

18 

90  feet 

Go 

19 

90  feet 

Go 

20 

85  feet 

No  Go 

21 

85  feet 

Go 

TEST  #19 
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GRAZE  GAP  CONFIGURATION  .075",  TARGET  SHOTS 


Round  # 

Distance 

Go/No  Go 

1 

120  feet 

Go 

2 

120  feet 

Go 

3 

120  feet 

Go  - low  order 

4 

120  feet 

Go 

5 

120  feet 

No  Go 

6 

120  feet 

Go  - low  order 

TEST  #20 
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LIVE  GEAZE  TEST 


GRAZE  TARGET 


Round  # 

Distance 

Go/No  Go 

1 

200  feet 

Go 

2 

200  feet 

No  Go  (go  on 

3 

200  feet 

Go 

4 

200  feet 

Go 

5 

200  feet 

No  Go 

6 

200  feet 

No  Go  (go  on 

TEST  #21 


cage) 


cage) 
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GRAZE  TESTS,  lcc  FLUID  REMOVED,  GRAZE  TARGET 


Round  # Distance  Go/Ho  Go 


1 

200  feet 

Go,  on  cage  (missed  graze  target) 

2 

200  feet 

No  Go,  hit  barrel  at  55' 

3 

200  feet 

Go 

A 

200  feet 

No  Go 

5 

200  feet 

Go 

6 

200  feet 

Go 

TEST  #22 
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FLAT  ON  BALL  BOTTOM 


Round  # Distance  Go/No  Go 


1 

200  feet 

No  Go 

2 

200  feet 

Go 

3 

200  feet 

No  Go 

4 

200  feet 

Go 

5 

200  feet 

Go 

6 

200  feet 

Go 

7 

200  feet 

Go 

8 

200  feet 

Go 

9 

200  feet 

Go 

10 

200  feet 

Go 

11 

200  feet 

Go 

TEST  #23 
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SPIN  WEIGHTS  MODIFIED 


INERT  FUZES 


t 


Round  # Distance 


Go/No  Go 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


200  feet 

Go 

200  feet 

No  Go 

200  feet 

Go 

200  feet 

Go 

200  feet 

No  Go 

200  feet 

Go 

200  feet 

No  Go 

200  feet 

No  Go 

200  feet 

Go 

200  feet 

Go 

TEST  If  2 A 
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CENTERING  RING  HELD  ON  CENTER 


* 


Sound  # Distance  Go /No  Go 


1 

200  feet 

Go 

2 

200  feet 

Go 

3 

200  feet 

Go 

4 

200  feet 

Go 

5 

200  feet 

Go 

6 

200  feet 

Go 

7 

200  feet 

Go 

8 

200  feet 

Go 

9 

200  feet 

Go 

10 

200  feet 

Go 

TEST  t 25 
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1 

90  feet 

Go 

2 

45  feet 

No  Go 

3 

60  feet 

Go 

4 

53  feet 

Go 

5 

45  feet 

Go 

6 

53  feet 

Go 

7 

35  feet 

No  Go 

8 

45  feet 

Go 

9 

38  feet 

No  Go 

10 

45  feet 

No  Go 

TEST  # 26 


47 


